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Ciona robusta is a chordate invertebrate, the closest living relatives of vertebrates including 
human. Rapid development, ease of management, transparent body, low husbandry costs, and 
large numbers of individuals are the advantages of the use of Ciona in developmental biology. 
Here, the author performed two studies on the development of Ciona using chemical biology 
approach that have been widely applied in in vtiro cultured cells, but not in in vivo developmental 
biology.  
 
(1) Toxicity evaluation using Ciona robusta 
In vivo toxicity evaluation using model organisms is an important step for the development of new 
drugs. Here, the author shows that Ciona is beneficial to drug toxicity evaluation. The dynamic 
phenotypic change during Ciona metamorphosis led the author to examine the effect of cytotoxic 
drugs on its development by quantifying six endpoints: degenerated tail size, ampulla length, 
rotation of body axis, stomach size, heart rate, and body size. As a result, mitochondrial 
respiratory inhibitors, tubulin (de)polymerization inhibitors, or DNA/RNA synthesis inhibitors 
showed distinct toxicity profiles against these six endpoints, but drugs with the same targets 
showed a similar toxicity profile. This suggests Ciona can be used as a toxicity evaluation animal 
and might be useful for exploring the mechanisms of drugs with unknown targets. 
 
 (2) Chemical genetics reveals the molecular mechanisms of Ciona tubulogenesis  
The Ciona notochord has been used as a simple in vivo model that provides us with insights into 
how biological tubes are formed. Here the author employs a chemical genetics approach and 
propose the role of 14-3-3!a in tubulogenesis. Phenotypic screening of Ciona development 
identified UTKO1 as a selective inhibitor of notochord tubulogenesis. The author found that 
UTKO1 binds to the 14-3-3!a protein, and a 14-3-3!a knockdown experiment was found to show 
similar defects in notochord tubulogenesis to those resulting from UTKO1 treatment, indicating 
that UTKO1 inhibited Ciona notochord tubulogenesis by targeting 14-3-3!a. To examine the role 
of 14-3-3!a in the process of tube formation, the author identified a Ciona notochord-predominant 
protein, ezrin/radixin/moesin (ERM), as the binding partner of 14-3-3!a responsible for 
tubulogenesis. Since UTKO1 inhibited their direct interaction and their colocalization in the basal 
contractile ring in notochord, the author further explored their roles during tubulogenesis. Using 
live imaging, the author found that as lumens begin to open between neighboring cells, 14-3-3!a 
and ERM are highly colocalized at the basal cortex where they undergo cycles of accumulation 
and disappearance. Interestingly, the disappearance of 14-3-3!a and ERM during each cycle is 
tightly correlated with a transient flow of 14-3-3!a, ERM, myosin II and other cytoplasmic 
elements from the basal surface towards the lumen-facing apical domain, which is often 
accompanied by visible changes in lumen architecture. Both pulsatile flow and lumen formation 
are abolished in larvae treated with UTKO1, in larvae depleted of either 14-3-3!a or ERM, or in 
larvae expressing a truncated form of 14-3-3!a that lacks the ability to interact with ERM. These 
results suggest that 14-3-3!a and ERM interact at the basal cortex to direct pulsatile basal 
accumulation and basal-apical transport of factors that are essential for lumen formation. Since 
these components are highly conserved across species, these results obtained by chemical genetics 
approach would have broad implications for tubulogenesis in many other contexts. 
